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Our task today : search an array for a particular value. 


This is yet another task — like assigning to each cell of an array, or printing 
each cell of an array — where we need to perform an operation on each cell 
of the array, one by one. Visiting each element of a collection of elements 
one-at-a-time in this manner is commonly called a traversal. 

So, presumably we are looking for some value in particular. Therefore, the 
client should pass to this method the array to search, and the key to search 
for. We are going to implement this method recursively, so the client method 
— the public version — should call a private recursive helper method. ‘That 
method will need not just the array and the key, but also, the bounds for 
the subarray it is dealing with. The idea is, for the recursive case, we won’t 
actually search a copy of the array that has fewer values. Instead, we will pass 
the entire array to the recursive call, but we will pass subscripts to indicate 
which part of the array should be searched. That is, we can use subarrays of 
the full array in our recursive calls, and by changing the indices, we change 
the region of the array that a given method call actually takes notice of. 


// LinearSearch 


// - parameters : A - the array to search 
// : key - the value to search for 
// - return value : array index or -1 
// - if key is in A, returns index where it 
// is located. Otherwise, returns -1. 
public int LinearSearch(int[] A, int key) 
A 
LinearSearch(A, key, 0, A.length) ; 
i 
// LinearSearch 
fd - parameters : A - the array to search 
// : key - the value to search for 
// : lo - the low index of this subarray 
// : hi - the high index of this subarray 
// - return value : array index or -1 
// - if key is in A, returns index where it 
// is located. Otherwise, returns -1. 


public int LinearSearch(int[] A, int key, int lo, int hi) 
{ 
if (lo > hi) 
return -1; 
else if (A[lo] == key) 
return lo; 
else 
return LinearSearch(A, key, loti, hi); 


In the recursive method, we have two base cases. If we actually find our 
value, we return a real index, and if we reduce the subarray to size 0, we 


return an error flag of -1. -1 is not a real index, so if our search algorithm 
returns it, we know it is because the key was not found in the array. But if 
we have not found our key and yet there is more of an array to the right of 
our current low cell, then we should search that array — hence the point of 


the recursive call. 


Note that the comment tells the user everything they need to know about 
this method (assuming the array has no duplicates) — the name, the purpose 
of each parameter, the purpose of the return type, and the method’s behavior 
in all cases. That is all the information the user needs to make correct use of 
this method. If they have that information, they don’t even need to see the 
code and how it works to be able to use this method. So, we could provide 
the compiled bytecode file (i.e. the .class file) to the user, along with the 
above description (in the comments) of LinearSearch, and that would be 
sufficient to allow the precompiled method to be usable by a user who had 
not yet seen the source code of the method. 


Sample run of LinearSearch 


public class Searching 


at 
public static void main(String args[]) 
t 
int[] valArray = new int[10]; 
valArray[0] = 7; 
valArray[1] = 2; 
valArray[2] = 1; 
valArray[3] = 0; 
valArray[4] = 3; 
valArray[5] = 6; 
valArray[6] = 4; 
valArrayLl7] = 9; 
valArray[8] = 8; 
valArray[9] = 5; 
PrintArray (valArray) ; 
System.out.println() ; 
int x = LinearSearch(valArray, 1); 
System.out.println(x) ; 
is 


public static void PrintArray(int[] A) 
a 
for (int i = 0; i<A.length; i++) 
System.out.println("Cell #" + i+": "+ A[i]); 


// the result of the run of this program is 
// as follows: 

Cell #0: 7 

Cell #1: 
Cell #2: 
Cell #3: 
Cell #4: 
Cell #5: 
Cell #6: 
Cell #7: 
Cell #8: 
Cell #9: 
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We can search a sorted array recursively as well — an faster than we can 
search an unsorted array, in fact. ‘This is because we can take advantage of the 
fact that the array is sorted to eliminate half of the array with each compar- 
ison, rather than just eliminating one cell of the array with each comparison 
as LinearSearch does. 

BinarySearch(A, key, lo, hi), where lo and hi are the boundary indices 
of the array you want to search. 


If lo > hz, then you have no values to explore. Return -1. 

Otherwise, find the middle index of the sorted array and call it mid. If 
what you are searching for is at that index, return the index. Otherwise, if 
what you are searching for is less than that value, run BinarySearch on the 
array range (lo, mid - 1) and return the result. Otherwise, your value must 
be greater, so run BinarySearch on the array range (mid+1, hi) and return 
the result. 


We can write code for this by 
e determining the base case, and 


e deciding what the smaller case is that helps solve the larger case, and 
then solving that smaller case via calling this method recursively 


The recursive case should be clear from the English description above. 

And for the base case, well, as stated in the verbal description, that should 
be low > high, because when that happens, you don’t have any elements in 
that range and thus your subarray is empty. 


public static int BinarySearch(int[] A, int key, 
int low, int high) 


{ 
int returnVal; 
if (low > high) 
returnVal = -1; 
else 
af 
int mid = (low + high)/2; 
if (Almid] ==key) 
returnVal = mid; 
else if (key < Almid]) 
returnVal = 
BinarySearch(A, low, mid-1, key); 
else // key > Almid] 
returnVal = 
BinarySearch(A, mid+1, high, key); 
ag 
return returnVal; 
ag 


Of course, we’d probably make that private and have a public wrapper 
around this code, as we did for LinearSearch: 


public static int BinarySearch(int[] A, int key) 


{ 
BinarySearch(A, key, 0, A.length-1) ; 


public class Searching 


st 

public static void main(String args[]) 

{ 
int[] valArray = new int[10]; 
valArray[0] = 1; 
valArray[1] = 2; 
valArray[2] = 3; 
valArray[3] = 5; 
valArray[4] = 7; 
valArray[5] = 9; 
valArray[6] = 10; 
valArray[7] = 11; 
valArray[8] = 13; 
valArray[9] = 15; 
PrintArray (valArray) ; 
System.out.println() ; 
int x = BinarySearch(valArray, 10); 
System.out.println(x) ; 
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#0: 
#1: 
#2: 
#3: 
#4: 
#5: 
#6: 
#7: 
#8: 
#9: 


10 


